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When mouse L929 cells are treated with amphotericin B before exposure to
polyriboinosinic-polyribocytidylic acid or polyriboinosinic-polyribocytidylic acid-
dextran, they make significantly more interferon than do cells not receiving
amphotericin. This effect may be due to enhanced cell membrane penetration by
the polynucleotide.

Polyene antibiotics, such as nystatin and am-
photericin B, bind to sterols in the cell mem-
brane and abolish the membrane's ability to act
as a selective permeability barrier (2, 8, 10, 12,
14). Amphotericin B increased penetration of
eukaryotic cells by antibiotics, nucleases, latex
particles, and Escherichia coli deoxyribonu-
cleic acid (13, 16, 17). Both enhanced uptake of
the radiolabeled compounds and enhanced bio-
logical effects of the antibiotics have been dem-
onstrated. These permeability changes may re-
sult from the development offunctional pores in
membranes treated with polyenes (2, 10, 12).
These pores selectively favored penetration of
anionic compounds (2, 8).
Whether polyriboinosinic-polyribocytidylic

acid (rI.:rCn) must enter cells or need only con-
tact a membrane-associated trigger site to ef-
fect antiviral resistance and interferon produc-
tion remains an unresolved question. In an ef-
fort to partially delineate the site of interferon
induction by rIn:rCn, the effect of amphotericin
B on interferon production and action in L929
cells was studied.
Amphotericin B treatment of L929 cells en-

hanced interferon production by both rIl:rCn
and rI.:rCn-dextran (Table 1). Interferon titers
were enhanced significantly by amphotericin B
at 5 ,ug/ml and increased almost 10-fold at 25
,g/ml. No interferon production by amphoteri-
cin B alone (25 ,ug/ml) was observed. Ampho-
tericin B alone at 5 ,ug/ml and 10 ,ug/ml pro-
duced no decrease in cell viability or cell num-
ber, but at 25 ,ug/ml cell number was halved,
although viability was unaffected. Higher con-
centrations of amphotericin B alone (50 pg/ml)
reduced cell number 80%, and 100 ,ug/ml killed
the cell inoculum. Consistent with the decrease
in cell viability at the higher amphotericin B
concentrations was an inhibition of interferon

production (Table 1). Absence of cytotoxicity in
L929 and other cells at the lower concentrations
of amphotericin B has been previously reported
(1, 16). Although combined treatment with am-
photericin B and rI.:rCn decreased cell number,
enhanced interferon production was observed
(Table 2).

Interferon production by rIn:rCn in L929 cells
(a continuous mouse fibroblast line) is gener-
ally minimal or absent; only after formation of
a complex between rIl:rCn and a polycation,
such as dextran, has interferon been induced in
these cells. However, after treatment of cells
with 10 Ag of amphotericin B per ml, interferon
production occurred even at relatively low (25
,ug/ml) rIn:rCn concentrations (Fig. 1).
Whether rIn:rCn per se must penetrate the

cell membrane to induce interferon remains
unresolved. Direct studies of the cellular distri-
bution of radiolabeled rI.:rCn by radioautogra-
phy or cell fractionation have proven difficult
(3, 24). No correlation between the amount of
cell-bound rIn:rCn and interferon produced has
been observed, and both active and inactive
polynucleotides became cell associated at
equivalent rates (5, 7, 19). Treatment of cells
with agents such as neuraminadase or phos-
pholipase C, which alter membrane topological
orientation, resulted in inhibition of interferon
production without effect on rIn:rCn binding
(18). These findings suggested that interferon
induction may result from an intracellular
event after membrane binding. However,
rIl:rC., covalently linked to particulate carriers
and thus unable to enter cells, induced inter-
feron (20, 23, 25). Furthermore, induction of
antiviral activity required persistence of intact
polymer at a superficial site (6), and intracellu-
lar concentrations of rIn:rC., capable of induc-
ing interferon in other cells, were not identified
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after rIl:rC, treatment (11). These findings sug-
gested that rIl:rC. either acted on the mem-
brane and did not enter the cell intact or was
partially broken down at the cell surface with
only pieces entering (22).
The membrane alterations induced by am-

TABLE 1. Enhancement of interferon production by
amphotericin in L$929 cellsa

Amphoteri- Interferon (IU) produced b9
cin (~g/ml) rIn:rC.c rIl:rC.-dxd

0 0 140
5 50 730
10 40 830
25 100 1000
50 - 105
100 - 30
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photericin B resulted in enhanced uptake by
eukaryotic cells ofE. coli deoxyribonucleic acid
(13) and enhanced inhibition of ribonucleic acid
and protein synthesis by the antibiotics rifam-
pin and tetracycline (16, 17). Thus, although
alteration of a putative membrane receptor by
amphotericin B cannot be eliminated, the ob-
served enhancement in interferon production
caused by amphotericin B in L929 cells proba-
bly resulted from increased cell penetration of
the anionic polymer, rI.:rCn. If enhancement of
interferon production by polyenes also occurs in
other cell lines, entry into cells of rI.:rC. may
prove one of the critical negative controls for
interferon induction. Cell lines, resistant to the
cytotoxic effects ofactinomycin D, as a result of
decreased permeability, can be rendered specif-
ically sensitive by amphotericin B (15) or the

a Amphotericin B (Fungizone, GIBCO, Grand Is-
land, N.Y., was added to suspensions of 2.5 x 105
L929 cells (ATCC, CCL 1) to the final concentra-
tions indicated. The' L929 cells were then grown as ioo
monolayers for 24 h in minimal essential medium
(Eagle base) with added 2 mM glutamine, 50 IA'g of
gentamicin per ml (MEM), and 10%-fetal calf serum
(FCS). After 24 h, medium and amphotericin were 80
removed, and 50 ,ug of rIn:rCn per 1ul (Miles Lab-
oratories, Kankakee, Ill.) or 50 ,ug of rIn:rC. per dl £
annealed to 100 ,ug of clextran (diethylaminoethyl- e-4 60
dextran, 100 gig/ml, Sigma Chemical Co., St. Louis,
Mo.) at 22 C in phosphate-buffered saline, 0.85%, *
pH 7.3, was mixed with the indicated concentrations .
of amphotericin B and added to the cells. After 60

U.min at 37 C, cells were washed twice with Earle !/
balanced salt solution-, pH 7.3, and MEM with 2%
FCS was added. After incubation at 37 C for 24 h, 20 -

cell supernatants were collected for interferon as-
say. Interferon, characterized as previously de-
scribed (4), was assayed in triplicate on L929 cellsls _,L
by a modification of the Finter colorimetric tech- 50 100 150 200
nique (4, 9). Results presented in this and subse- rIrCn (jig/ml)quent tables are representative of two or three
separate experiments. FIG. 1. Interferon production by rI3:rC, in ab-

b At 24 h (international units). sence (0) andpresence (@) ofamphotericin B (10 pgl
rIn:rC,,, 50 gsg/ml. ml). Interferon production and assay as described in

d rIn:rC,,, 50 ,ug/ml-dextran, 100 ,ug/ml. Table 1.

TABLE 2. Effect of amphotericin on cell number, viability, and interferon productiona

L929 cellac
Treatment- Interferon (IU)d

Viability (%) No. (% of control)

0 100 100 0
Amphotericin (20 ug/ml) 99 59 0
rIn:rCn (100 lAg/ml) 100 44 <8
Amphotericin (20 Ag/lml), rIl:rCn (100 gg/ml) 98 8 55

aCells were counted and viability was determined by staining with trypan blue and performing counts in
triplicate in a hemocytometer chamber. Interferon production and interferon assay were as described in
Table 1.

& Cells were plated in 20 gig ofamphotericin per ml, and rI :rCn was added at 24 h in 20 gig of amphotericin
per ml, adsorbed 60 min, and washed.

Determined after 24 h of indicated treatment.
d Produced at 24 h (international units).
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detergent dimethylsulfoxide (21). The effective-
ness of rI.:rC. as an interferon inducer in L929
cells, otherwise relatively resistant to inter-
feron induction by rIn:rCn, may result from a
similar mechanism.
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